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Abstract 56
Invasive species represent one of greatest threats to aquatic biodiversity globally and are widely 57 acknowledged to be instrumental in modifying native community structure. Despite this, little is 58 known about how the increasing range expansion of invasive taxa may affect routine 59 biomonitoring tools widely employed to measure or quantify environmental quality in lotic 60 systems. This study examined the impact of an invasive freshwater crayfish on commonly 61 employed riverine macroinvertebrate biomonitoring tools (scores and indices) designed to 62 respond to a range of stressors. Data from long term monitoring sites on both 'control' and 63 invaded rivers in England were examined to assess changes to biomonitoring scores following 64 invasion by signal crayfish (Pacifastacus leniusculus). Results indicate that routine biomonitoring 65 tools used to quantify potential ecological stressors which are weighted by abundance, such as 66 the Lotic-invertebrate Index for Flow Evaluation (LIFE) score and Proportion of Sediment-67 sensitive Invertebrates (PSI), were subject to significant inflation following invasion. In contrast, 68 indices based simply on the presence of taxa, such as the Average Score Per-Taxon (ASPT -a 69 derivative of BMWP), displayed no changes compared to control rivers; or in the case of the 70 Biological Monitoring Working Party Score (BMWP), NTAXA and EPT richness, no consistent 71 pattern following invasion. Season had a significant effect on the interaction of crayfish and LIFE 72 and PSI scores. Autumn samples were subject to statistical inflation following crayfish invasion 73 whilst Spring samples exhibited no significant change. The results suggest that care should be 74 taken when interpreting routine macroinvertebrate biomonitoring data where non-native crayfish 75 are present, or in instances where their presence is suspected. 76
Introduction 90
Invasive species are considered to be one of the greatest threats to global biodiversity (Simberloff 91 et al., 2013). The extent of biological invasions has increased rapidly over the last century and it 92 is likely that this rate will continue in the future (Pysek and Richardson, 2010). The translocation 93 of non-native taxa can have significant and far reaching implications for the functioning of invaded 94 ecosystems including habitat modifications, acting as vectors in the transmission of disease, and 95 altering assemblage composition through predation and resource competition (Manchester and 96
Bullock, 2000). The spatial and biological implications of invasions are driven and influenced by 97 natural and anthropogenic global environmental change (Lapointe et al., 2012). Anthropogenic 98 modifications are altering the structure of many aquatic ecosystems (Friberg, 2014) and 99 biomonitoring programmes that assess the status of freshwater water bodies have become an 100 essential means of monitoring and evaluating such pressures (Buss, 2015) . 
.Data analysis 171
Data were categorised into four groups: i) Control-before invasion, ii) Control-after invasion, iii) 172
Invaded-before invasion, iv) Invaded-after invasion). For sites invaded by P.leniusculus the 173 approximate date of invasion was determined based on the first occurrence in the historical faunal 174 series. Detecting signal crayfish is difficult due to their high mobility (Gladman et al., 2010) and 175 there are currently no methods of determining crayfish populations below a density of 0.2m -2 176 (Peay, 2003). It is likely that the true detection limit is higher, probably approaching a density of 177 1.0m -2 for the kick-net samples utilised in this study. As a result, it is important to acknowledge 178 that signal crayfish may have been present at the study sites for a number of years prior to formal 179 detection in biomonitoring samples. Also, routine sampling of crayfish populations is not a 180 standard practice following invasion, and it is likely that variations in population densities between 181 sites over time will be present in the dataset. 182
Control sites were divided into two periods (before invasion and after invasion) based on the Invaded interaction effect for each index and season (Spring and Autumn) are presented in Table  223 1. items of crayfish and may be selectively or preferentially predated by crayfish in many lotic 273 ecosystems (Dorn, 2013). Although the prevalence of some prey taxa are likely to decrease in the 274 presence of invasive crayfish, there is limited evidence to suggest that they become locally 275 extinct. Consequently, the inflated PSI and LIFE scores may represent a shift to a community 276 dominated, by fine sediment and flow sensitive taxa through predation rather than a shift in flow 277 regime or fine sediment present at a site. Future application and potential modifications to these 278 indices should consider the potential effect of invasive species upon them. The use of these 279 indices in their current form could be used to help identify sites subject to invasive taxa but may 280 also lead to the misinterpretation of the stressors affecting water bodies if not identified. Given the 281 variety of invertebrate biomonitoring tools available we recommend that, where feasible, a multi-282 metric approach is employed in the ecological assessment of freshwater bodies. The application 283 of individual metrics may not indicate pressures associated with the stressor it was designed to 284 quantify, but when used in combination with other metrics derived in different ways (e.g. presence 285 / absence data, total abundance or abundance weighted), may provide evidence to indicate the 286 presence of an ecological stressor(s). Together with knowledge regarding the wider 287 environmental and ecological context, this approach may help inform water resource and river 288 managers of potential threats to the ecological status of freshwater bodies associated with the 289 spread of invasive species. 290
291
When individual seasons were considered, no significant differences were recorded between 292 control and invaded sites / rivers for the spring sampling period. Crayfish movement and growth is 293 strongly regulated by water temperatures, with activity increasing with rising temperatures 294 (Johnson et al., 2014). Spring samples typically occur when crayfish activity is at its minimum and 295 consequently it is unsurprising that none of the indices were significantly affected at this time of 296
year. In contrast, Autumn samples are usually collected at the height or toward the end of crayfish 297 activity (notably directly after the breeding season); with inflated elevation of both the LIFE and 298 PSI scores evident at invaded sites. It is therefore recommended, that routine biomonitoring 299 samples collected in autumn need to be interpreted with caution if invasive crayfish are present or 300 if their presence is suspected. Samples collected in spring were not determined to be significantly 301 affected but should still be considered with caution. We also advise that those applying 302 macroinvertebrate biomonitoring indices to identify environmental stressors or those developing 303 new indices should be conscious of the potential influence that invasive species may have on the 304 effectiveness of such tools, especially if abundance weightings are incorporated in their 305 derivation. 306
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